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Abstract  The  study  of  the  ocular-motor  nerves  must  be  exhaustive  from  their  source  (nuclei
in the  brainstem)  down  to  the  effector  muscles  (orbit).  Visual  disturbances  have  to  be  analysed
by differentiating  between  a  decrease  in  visual  acuity  and  ocular-motor  disorders.  Imaging  tests
are dominated  by  MRI,  including  ﬁne  slices  and  gadolinium  injection.  A  study  of  the  Circle  of
Willis vessels  is  often  useful,  and  essential  in  the  case  of  type  III  impairment.  A  further  CT  scan
is essential  for  analysis  of  the  foramina,  base  of  the  skull  and  orbital  walls.  Impairment  of  CN  VI
requires a  CT  scan  of  the  apex  of  petrous.  The  study  of  the  cavernous  sinuses  must  be  in-depth
(T2 and  T1  after  gadolinium  and  elimination  of  fats)  and  always  comparative.  Impairment  of
CN III  is  often  complex,  difﬁcult  to  identify  precisely  (complete  or  partial,  with  or  without
a pupil  impairment,  associated  with  other  neurological  signs)  and  requires  a  reasoned  study
based on  anatomical,  semiological  and  pathological  knowledge.  Other  than  tumour  diseases,  it
is necessary  to  consider  less  well  known  malformative,  ischemic  and  inﬂammatory  aetiology.
© 2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Introduction
Cranial  nerve  pathology  requires  precise  anatomical  knowledge  as  well  as  recognition  of
symptoms  with  a  great  deal  of  localisation  value.  The  speciﬁc  nature  of  examinations
carried  out  by  the  imaging  practitioner,  acquainted  with  neuro-ophthalmological  diseases,
resides  in  his  or  her  knowledge  of  the  correct  use  of  available  imaging  techniques.
Ocular  motility  constantly  adapts  the  point  of  regard  and  in  this,  although  very  distinct
from  visual  acuity,  is  essential  to  visual  function.
Abbreviations: CBH, Claude Bernard-Horner; ICH, Intracranial hypertension; MLB, Median longitudinal bundle; INO, Internuclear oph-
thalmoplegia.
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slightly  higher  in  the  mesencephalon.
The  intra-axial  portion  of  CN  IV  is  very  short  with  a  path-
way  dorsally  which  then  crosses  the  median  line  of  the
inferior  colliculus,  itself  located  below  the  pineal  gland.018  
Ocular  motility,  a  complex  combination,  is  based  on
oluntary  movements  and  automatic  or  uncontrolled  move-
ents.
We  will  deal  with  each  of  the  three  ocular-motor  nerves
hrough  the  prism  of  anatomy,  after  which  we  will  explain
he  details  of  investigational  imaging  protocols,  after  which
e  will  tackle  pathology.
linical anatomy: general principles [1,2]
ystematic  ocular-motor  control  is  under  the  command  of
everal  systems:
 an  execution  system,  the  ﬁnal  common  route  for  all  ocular
movement:  nerve  and  ocular-motor  muscles;
 a  pre-motor  system  that  generates  the  movements
located  in  the  brain  stem,  different  for  each  category  of
ocular  movement;
 an  ocular-motor  command  system  sent  to  generators:  this
can  be  located  in  the  stem  or  in  the  cortex  according  to
the  movement  class;
 a  control  system  ensuring  good  execution  and  precision
of  ocular  movement  or  inhibiting  the  pre-motor  system
when  ﬁxing  the  gaze.
With  regard  to  the  imaging  study,  the  most  commonly
nvestigated  and  encountered  abnormalities  are  located  in
he  brain  stem  and  along  the  pathways  of  the  ocular-motor
erves,  possibly  even  within  the  orbital  content.
Ocular  movements  are  under  the  control  of  the  efferent
ystem.  The  efferent  system  consists  of  supranuclear  and
nfranuclear  pathways.  This  distinction  is  clinically  impor-
ant  as  supranuclear  lesions  almost  always  affect  both  eyes
imultaneously  while  an  infranuclear  lesion  affects  the  two
yes  differently.
With  a  supranuclear  lesion,  bilateral  impairment  of  the
wo  eyes  means  that  diplopia  is  most  often  not  present.
On  the  other  hand,  infranuclear  impairment  usually
auses  diplopia.
he supranuclear pathways
he  supranuclear  pathways  include  all  pre-motor  and  motor
egions  of  the  frontal  and  parietal  cortex,  cerebellum,  basal
anglia,  superior  colliculus,  thalamus  and  brain  stem  cen-
res  (paramedian  reticulated  pontine  formations,  neuronal
ntegrators)  and  vestibular  nuclei.
he infranuclear pathways
he  infranuclear  pathways  include  the  ocular-motor  nuclei,
he  intramedullary  segments  of  the  emerging  ocular-motor
erves,  their  peripheral  segments  (their  pathway  in  the  sub-
rachnoidal  space,  cavernous  sinus,  superior  orbital  ﬁssure
nd  the  orbit),  the  neuromuscular  junction  and  extraocular
uscles.he ocular-motor nerve: III
he  nucleus  of  III  is  located  in  the  cerebral  peduncle  before
he  aqueduct  of  Sylvius  in  the  paramedian  position. FP.  Koskas,  F.  Héran
Within  this  nucleus  there  are  closely  linked  motor  ﬁbres
for  the  ocular-motor  muscles)  and  parasympathetic  visceral
otor  ﬁbres  (for  the  ciliary  muscle  and  the  sphincter  muscle
f  the  iris)  arising  from  the  Edinger-Westphal  nucleus.  There
re  several  sub-nuclei  distributed  from  top  to  bottom  from
he  posterior  commissure  down  to  the  nucleus  of  IV.
The  nerve  emerges  from  the  inner  side  of  the  cerebral
eduncle  and  crosses  the  interpeduncular  cistern  (Fig.  1)
n  contact  with  numerous  arteries,  in  particular  the  poste-
ior  communicating  artery  (major  anatomical  relationship  in
linical  application).
It passes  through  the  upper  part  of  the  cavernous  lodge
Fig.  2)  and  penetrates  into  the  orbit  through  the  superior
rbital  ﬁssure  before  being  divided  into  an  upper  branch
hich  innervates  the  superior  right  muscles,  right  medial,
uperior  eyelid  elevator  and  into  a  lower  branch  innervating
he  right  inferior  and  oblique  inferior  muscles.
The  irido-constrictive  ﬁbres  located  at  the  upper  part  of
he  ocular-motor  nerve  are  the  most  vulnerable  to  temporal
ngagement,  which  explains  why  mydriasis  is  the  ﬁrst  sign
3].
If  one  or  both  of  the  branches  are  impaired,  this  is  called
xtrinsic  III.
Impairment  of  the  parasympathetic  component  (intrin-
ic  III)  is  the  source  of  pupil  problems  as  it  innervates  the
phincter  muscle  of  the  iris.
he trochlear nerve IV
his  is  an  exclusively  somatic  motor  nerve.
The  nucleus  of  CN  IV  is  found  within  the  grey  matter  in  the
audal  and  dorsal  part  of  the  mesencephalon  just  below  the
queduct,  to  the  side  of  the  nucleus  of  III  which  is  situatedigure 1. 3D CISS: III axial view.
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The abducens nerves VI
This  is  an  exclusively  somatic  motor  nerve,  it  is  also  destined
for  the  right  lateral  muscle.
The  nerve  emerges  from  the  caudal  pontine  area,  exactly
on  its  dorsal  side  just  below  the  IVth  ventricle  (Fig.  4).
The  ﬁbres  of  the  facial  nerve  go  around  its  nucleus  in  a
circumferential  manner,  directly  close  to  the  parapontine
reticular  formation  and  the  medial  longitudinal  fasiculus.
The  nucleus  contains  primary  motorneurones  for  innerva-
tion  of  the  ipsilateral  lateral  right  muscle  and  interneurones
intended  for  innervation  of  the  ventral  nucleus  of  contro-
lateral  CN  III,  crossing  the  median  line  to  rejoin  the  ventral
nucleus  of  CN  III  intended  for  the  right  medial  muscle  in  the
medial  longitudinal  fasciculus.
CN  VI  then  takes  a ventral  direction  that  is  somewhat
lateral;  in  the  course  of  its  fascicular  course,  it  passes  close
to  the  spinal  pathway  of  the  trigeminal  nerve  and  crosses
the  corticonuclear  pathway.
The  motorneurone  axons  are  directed  frontwards  and
laterally,  leave  the  brain  stem  around  the  ponto-bulbar  junc-
tion  (Fig.  5).  On  leaving  the  brainstem,  CN  VI  is  directedFigure 2. T2 coronal: cavernous III.
Because  of  decussation,  each  nucleus  innervates  the  con-
tralateral  superior  oblique  muscle  [3].
CN  IV  is  the  only  cranial  nerve  to  emerge  dorsally  from
the  brain  stem  and  it  is  the  cranial  nerve  which  has  the
longest  pathway,  unprotected,  subarachnoidal  (Fig.  3).  It
is  also  the  thinnest  which  makes  it  more  vulnerable  to
trauma.
CN  IV  circumnavigates  the  brainstem  then  passes  just
below  the  free  edge  of  the  tentorium  cerebelli  after  which
it  penetrates  into  the  lateral  part  of  the  cavernous  sinus,
below  CN  III,  then  reaches  the  lateral  part  of  the  cav-
ernous  sinus,  below  CN  III,  and  enters  the  orbit  through  the
superior  orbital  ﬁssure,  above  and  beyond  the  Annulus  of
Zinn.It passes  close  to  the  optic  nerve  and  reaches  the  supe-
rior  oblique  muscle  around  the  area  of  the  superior  medial
orbit.
Figure 3. 3D CISS: IV axial view.
Figure 4. 3D CISS: axial VI.
Figure 5. 3D CISS: VI sagittal view.
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frontwards  outside  and  above  and  crosses  the  upper  edge  of
the  tip  of  petrous,  close  to  its  tip.
Its  close  links  to  the  tip  explain  frequency  of  CN  VI
paralysis  in  apex  fractures  [3]  and  in  pathological  processes
affecting  the  base  of  the  skull.  It  then  penetrates  the  cav-
ernous  sinus  where  it  follows  a  path  along  the  lateral  side
of  the  internal  carotid  artery  before  joining  the  sphenoidal
ﬁssure.
Ocular-motor muscles
The  ﬁnal  common  pathway  which  determines  the  position
of  the  eye  in  the  orbit  consists  of  the  soft  tissues  which
surround  the  ocular  globe.
There  are  six  ocular-motor  muscles  (Fig.  6):  four  right
muscles  (lateral  right,  medial  right,  superior  right  and  infe-
rior  right)  and  two  oblique  muscles  (superior  oblique  and
inferior  oblique).  The  right  muscles  and  the  upper  eyelid
elevator  muscle  are  inserted  into  the  ring  of  Zinn  tissue
condensation  around  the  optic  nerve  at  the  orbital  apex  [4].
They  then  follow  a  course  towards  the  front  in  the  aponeu-
roses,  which  are  linked  together  by  means  of  intermuscular
septae,  to  then  pass  through  the  capsule  of  Tenon  and  insert
from  the  front  into  the  sclera  at  various  distances  from  the
limbus.
The  oblique  muscles  insert  into  the  posterior  and  lateral
section  of  the  ocular  globe.  The  anatomical  source  of  the
inferior  oblique  is  located  around  the  anteromedial  peri-
orbit,  close  to  the  posterior  fossa.
Figure 6. Diagram of the ocular-motor muscles. 1: lateral rectus;
2: Edinger-Westphal nucleus; 3: superior oblique; 4: superior rectus;
5: medial rectus; 6: inferior rectus; 7: inferior oblique.
M. Jacob-Lebas, C. Vignal-Clermont. Pathologie pupillaire. Ophtal-
mologie 2011:1—23 [4].
The  functional  source  of  the  superior  oblique  is  the
trochlea  acting  as  a  pulley  located  in  a  trochlear  notch.  The
superior  oblique  follows  a  course  towards  the  front  within
the  superior-medial  orbit  in  the  direction  of  the  trochlea,
then  the  tendon  changes  direction  at  this  level.
The  ocular-motor  muscles  have  very  different  dimen-
sions:  the  inferior  oblique  is  the  thinnest  and  the  medial
right  the  thickest.
Consequently,  as  long  as  there  is  normal  tonic  innerva-
tion,  the  right  medial  muscle  which  is  the  strongest  tends  to
reduce  the  spontaneous  diversions  of  the  ocular  globes.
Particular  case  of  pupil  interplay
The  size  of  the  pupil  is  determined  by  the  balance  between
sympathetic  muscle  tone  of  the  iris  dilator  muscles  and
parasympathetic  muscle  tone  for  the  iris  sphincter  muscle.
The  sympathetic  pathway  originates  in  the  posterolateral
region  of  the  hypothalamus  while  the  sympathetic  pathway
with  an  ocular  destination  is  divided  into  three  segments
(Fig.  7).
Fibres  destined  for  the  pupil  continue  to  follow  the
internal  carotid  and  penetrate  the  intercranial  through  the
carotid  canal.
The  parasympathetic  pathway  originates  at  different
points  in  the  brain  stem.  The  ﬁbres  which  control  the  motil-
ity  of  the  pupil  sphincter  originate  in  the  Edinger-Westphal
Figure 7. Diagram of the sympathetic pathways. 1: posterolateral
region of the hypothalamus; 2: to the carotid plexus; 3: superior cer-
vical ganglion; 4: Budge’s center; 5: subclavian loop; 6: subclavian
artery.
M. Jacob-Lebas, C. Vignal-Clermont. Pathologie pupillaire. Ophtal-
mologie 2011:1—23 [4].
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nucleus  beneath  the  nucleus  of  CN  III  in  the  mesencephalon
(Fig.  8).
Paralysis  of  CN  III  leads  to  dysfunction  of  the  extra-ocular
somatic  muscles  (extrinsic  impairment).
In  a  patient  with  complete  paralysis  of  the  ocular-motor
nerve,  examination  reveals  total  ptosis  whereas  the  eye  is
in  hypotropia  position  and  in  abduction  leading  to  inability
of  adduction  displacement  upwards  and  downwards.
In  addition  the  pupil  is  dilated  and  responds  weakly  to
light.
This  picture  of  complete  CN  III  is  rare,  but  requires  emer-
gency  investigation  of  compression  due  to  aneurysm.
Partial  CN  III  paralysis  is  more  common;  it  consists  of
varying  degrees  of  limitation  in  ocular  movement  ±  ptosis  of
varying  severity,  partial  pupil  impairment.  These  are  clinical
signs  which  correspond  to  investigation  of  various  aetiolo-
gies  by  MRI  in  current  practice.
Pure  and  isolated  pupil  impairment  is  only  exception-
ally  a  question  of  CN  III  impairment:  it  is  more  commonly
a  case  of  Addie’s  tonic  pupil  disorder  which  does  not  require
imaging,  or  pharmacological  or  mechanical  problems  (iris
synechia).
Thus  when  pupil  impairment  that  occurs  in  isolation,
the  clinician  must  exclude  an  oculomotility  problem  by
all  means.  This  therefore  modiﬁes  the  procedure  to  be
followed  and  requires  neuro-imaging  to  be  carried  out
[3].
Figure 8. Diagram of the parasympathetic pathways. 1: pupillary
sphincter muscle; 2: ciliary muscle; 3, 4: postganglionic ﬁber (in the
short ciliary nerve); 5: ciliary ganglion; 6: preganglionic ﬁber (in the
nerve III); 7: accessory oculomotor nucleus (Edinger-Westphal); 8:
pretectal nucleus (superior colliculus).
M. Jacob-Lebas, C. Vignal-Clermont. Pathologie pupillaire. Ophtal-
mologie 2011:1—23 [4].
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ractical and optimal imaging [3,5]
maging protocols
RI  is  the  standard  examination  allowing,  through  excellent
ontrast  resolution  and  ﬁne  spatial  resolution,  identiﬁcation
f  the  ocular-motor  nerves  throughout  their  course.  There
re  at  least  three  arguments  in  favour  of  carrying  out  an
nitial  MRI:
better  examination  for  lesional  topographic  diagnosis;
excellent  resolution  for  cranial  nerves,  cavernous  lodges;
it  is  the  only  examination  that  allows  an  ischemic  focus
to  be  detected,  even  if  smaller  size.
MRI  is  far  better  than  CT  scans  for  detecting  patholo-
ies  of  the  posterior  fossa,  in  particular  minor  ischemic,
nﬂammatory  or  neoplastic  disorders  (Appendix  1).
Nevertheless,  ultra-high  resolution  CT  scans  are  of  ben-
ﬁt  in  studying  the  bone  of  the  base  of  the  cranium  through
he  course  of  the  ocular-motor  pathways  in  the  case  of  dis-
overy  of  an  expanding  lesion  to  MRI.  Moreover,  the  choice  of
maging  method  is  motivated  by  the  following  clinical  situa-
ions:  cranial  and/or  orbital  trauma,  child  who  keeps  moving
rapidity  of  acquisition),  contraindication  to  MRI.  An  incon-
lusive  MRI  CT  scan  can  be  completed  by  an  angioscan  for
nvestigation  of  minor  ruptured  aneurysm  or  to  conﬁrm  the
egree  of  stenosis  of  a  dissection.
The  case  of  a  restrictive  disorder  needs  to  be  distin-
uished,  indicating  a  problem  located  in  the  orbit  (most
requently  muscular),  from  paralytic  problem  of  a cranial
erve.
In  fact  this  distinction  (operated  by  the  clinician  with
he  aid  of  the  forced  duction  test  and  orthoptic  check-up)
irects  the  study  protocol.
In  the  case  of  orbital  symptoms,  many  ﬁne  slices  of  orbital
equences  need  to  be  taken  and  especially  a  T2  sequence
ith  fat  elimination  needs  to  be  included,  very  sensitive  to
nﬂammatory  phenomena.
he ocular-motor pathology: clinical
roﬁles and aetiologies
hen  a  patient  reports  binocular  diplopia,  anatomical  local-
sation  of  the  lesion  is  essential  and  the  degree  of  urgency
eeds  to  be  assessed.
Faced  with  ptosis  and  diplopia  which  vary  in  time,  myas-
henia  needs  to  be  excluded  which  never  leads  to  sensory
eﬁciency,  pain,  vegetative  or  pupil  deﬁciency.
linical proﬁles
ainful  vertical  or  oblique  diplopia
his  immediately  suggests  compression  of  III  in  the  interpe-
uncular  area  as  a  result  of  aneurysm  by  rupture.  The  pain
s  due  to  subarachnoidal  haemorrhage:  severe  headaches,
ften  sudden  and  one-sided,  nausea  and  vomiting.
Ocular-motor  paralysis  is  complete,  extrinsic  and  intrin-
ic  reﬂected  by  mydriasis.
This  major  clinical  symptom  proves  the  compression  of
he  irido-constrictor  parasympathetic  bundle  by  aneurysm
r  peri-aneurysmal  haematoma  (Figs.  9,  10).
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In  an  obese,  cephalalgic  patient  whose  eye  fundus  shows
swollen  disc,  the  possibility  of  idiopathic  ICH  has  to  beigure 9. 3D T2 CISS: small aneurysm on the course of right III.
The  aneurysm  develops  at  the  expense  of  the  posterior
ommunicating  artery  or  the  posterior  side  of  the  carotid
iphon,  or  even  the  posterior  cerebral.
In  the  elderly  subject,  but  also  more  rarely  in  the  young
ubject  [6],  several  cases  have  been  observed  of  chronic
iplopia  relating  to  giant  aneurysm  of  the  cavernous  location
Figs.  11—13).
laude  Bernard-Horner
he  association  of  ptosis,  miosis,  enophthalmia  (±  pain)
hould  point  to  carotid  dissection.  Haematoma  of  the
arotid  wall  compresses  the  sympathetic  innervation  which
s  destined  for  the  pupil.  The  imaging  check-up  includes  a
ervical,  cerebral,  parenchymatous  and  vascular  study.  It
ypically  shows  a  hypersignal  image  of  the  carotid  wall  on
equence  T1  FAT  SAT  and  the  appearance  of  irregular  steno-
is  on  the  MRA  TSA  angiography  sequence  and/or  angioscan.In  the  absence  of  dissection  over  the  whole  of  the  carotid
athway  (in  contact  with  the  sympathetic),  a  lesion  of  the
ulmonary  apex  is  investigated.
igure 10. Angioscan: small aneurysm of the posterior side of the
arotid siphon.
r
F
aigure 11. Negative ARMTOF images showing a thrombosed right
ntracavernous aneurysm and a circulating left cavernous aneurysm.
peciﬁc  case  of  bilateral  CN  VI,  associated  with
ther neurological  symptomsaised.
igure 12. T2 coronal TSE: showing bilateral cavernous invasion,
neurismal, with compression of the ocular-motor nerves.
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along  the  orbital  and  ocular  with  elevation  of  intra-ocular
pressure.
Tolosa-Hunt  syndrome  is  a  sterile  idiopathic  inﬂamma-
tory  impairment  of  the  cavernous  sinus.  Considerable  pain  isFigure 13. ARM MIP: mirror carotid aneurysm.
This  concerns  uni-  or  bilateral  paresis  of  CN  VI,  often
associated  with  tinnitus.
Ocular-motor  impairment  is  linked  to  stretching  of  CN  VI
in  the  CSF  cisterns  where  pressure  is  elevated.
Imaging  shows  at  least  three  of  the  following  ﬁve  signs:
intrasellar  arachnoidocele  (Fig.  14),  widening  of  the  sub-
arachnoidal  spaces  surrounding  the  optic  nerves  (Fig.  15),
ﬂattening  of  the  sclera  in  front  of  the  optic  disc,  narrow-
ing  of  the  cerebellar  amygdala,  stenosis  of  the  transverse
venous  sinuses  (Fig.  16).
Multiple  paralysis  of  the  ocular-motor  nerves
Multiple  impairment  presupposes  impairment  of  the  cav-
ernous  sinus  or  of  the  superior  orbital  ﬁssure.
Figure 14. T2 coronal sequence: intrasellar arachnoidocele.
F
sigure 15. T2 coronal sequence: broadening of the subarach-
oidal spaces surrounding the optic nerves.
The  aetiologies  suspected  are  neoplastic  inﬁltration  [7]
carcinomatous  meningitis,  lymphoma),  inﬂammatory  or
nfectious  inﬁltration.
In  the  case  of  bilateral  impairment,  neuro-imaging
s  carried  out  to  investigate  a  midline  tumour  which
xtends  bilaterally,  for  example  a  cordoma,  chondrosar-
oma,  nasopharyngeal  carcinoma  (Figs.  17—20),  a  meningeal
esion  or  viral  polyradiculoneuritis  or  part  of  a  sarcoidosis
ondition.
Investigation  of  impairment  of  CN  V  is  systematic  in  clini-
al  practice  but  also  radiological.  Aggressive  or  large  lesions
f  the  cavernous  lodge  leading  to  venous  congestion  extendigure 16. Venous angiography with injection of MIP: tight steno-
is of the transverse venous sinuses.
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Figure 17. T1 coronal FAT SAT gd+: cavum mass, lateralised to
the left, invading the left cavernous sinus by an ascending course.
Figure 18. T2 coronal mass of the cavum, lateralised to the left,
invading the left cavernous sinus by ascending course.
Figure 19. T1 sagittal FAT SAT with injection: mass originating
from the cavum invading the clivus explaining impairment of VI;
note the retroclival meningeal enhancement.
Figure 20. Axial T1 FAT SAT gd+: syndrome of the left parapha-
ryngeal mass, distinctly enhanced.
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Ophthalmoplegic  migraine  appearing  during  childhood
can  cause  pain  and  dysfunctioning  of  the  ocular-motor  nerve
but  the  two  are  not  simultaneous.Towards  understanding  ocular  motility:  III,  IV  and  VI  
often  associated.  The  MRI  shows  a  mass  of  variable  volume,
enhanced  by  gadolinium,  inside  the  cavernous  sinus,  the
disease  is  sensitive  to  corticosteroids.  Nevertheless  faced
with  meningeal  inﬁltration,  the  diagnosis  of  Tolosa-Hunt  is
an  exclusion  diagnosis  since  one  has  to  search  hard  for  a  spe-
ciﬁc  inﬂammatory  aetiology,  lymphoma,  tumour;  even  to  the
point  of  having  a  PET  scan  for  investigation  of  primary  foci
and/or  sites  accessible  to  biopsy.
Ocular-motor  impairment  suggesting  an  ischemic
process [8]
Discovery  of  extrinsic  paralysis  of  CN  III  sparing  the  pupil
makes  it  highly  unlikely  that  an  aneurysm  is  responsible.
The  most  probable  and  frequently  encountered  cause  is
ischemic  impairment.  The  site  of  ischemic  impairment  of
CN  III  is  most  commonly  peripheral,  especially  in  the  cav-
ernous  sinus  but  also  in  the  subarachnoidal  space,  more
rarely  the  brain  stem.  Pure  extrinsic  ocular-motor  paralysis
results  from  an  ischemic  phenomenon  within  the  nutritive
vessels  (vasa  nervosum)  intended  for  the  central  path  of  the
trunk  of  CN  III  which  contains  the  extrinsic  motor  ﬁbres.
Occlusion  of  the  nutritive  vessels  causes  ocular-motor
paralysis  of  the  extrinsic  musculature  but  usually  does  not
affect  the  pupil  ﬁbres  located  at  the  superﬁcial  part  of  the
nerve  trunk.
This  ischemic  microvascular  impairment  is  usually  not
represented  on  the  diffusion  image.  It  does  not  constitute
an  imaging  emergency  but  later  neuro-imaging  makes  it  pos-
sible  to  obtain  a  parenchymatous  and  vascular  proﬁle  of  this
patient.
Nevertheless,  the  patient  should  be  monitored  as  this
type  of  ocular-motor  paralysis  of  vascular  origin  should
improve  spontaneously  or  stabilise  in  under  3  months.  If
worsening  occurs,  the  diagnosis  must  be  reconsidered  and
other  causes  of  ocular-motor  impairment  need  to  be  inves-
tigated  by  neuro-imaging  (inﬂammatory  or  compressive
impairment  in  particular)  and  by  paraclinical  examinations.
Internuclear  ophthalmoplegia
An  internuclear  lesion  by  deﬁnition  affects  the  MLB.
Unilateral  INO  disorders  include  varying  degrees  of  slow-
ing  down  of  the  saccades  of  eye  adduction  associated  with
nystagmus  of  the  other  eye  in  adduction;  this  abnormality
can  be  associated  with  a  skew  deviation.
Conventionally,  the  INO  side  is  deﬁned  in  relation  to  the
deﬁcient  adduction  side.  Bilateral  INO  causes  a  bilateral
delay  in  adduction  and  bilateral  nystagmus.
The  main  lesions  are  represented  by  a  demyelinising  pro-
cess  (Figs.  21—24)  [9]  and  an  ischemic  incident.
Skew  deviation
This  is  a  combination  of  strabismus  and  diplopia.  It  is  an
acquired  defect  of  the  vertical  alignment  of  the  ocular
globes  which  results  in  supranuclear  imbalance  in  input  orig-
inating  from  the  otolithic  organs  (the  utricule  and  saccule).
It  can  be  caused  by  both  central  and  peripheral  lesions  [10].
The  most  common  lesions  are  central  along  the  course  of
pathways  originating  in  the  otolithic  organs  in  the  posterior
fossa  (stem  and  brain).  Skew  deviation  causes  diplopia  and
F
wigure 21. Axial T1 spin echo gd+: contrast stain involving VI core.
onstitutes  an  exception  to  the  general  rule  which  states
hat  a  supranuclear  lesion  does  not  cause  diplopia.
articular  case  of  children
hildren  can  suffer  from  ophthalmoplegic  impairment  after
 viral  infection  or  a  vaccination.  Aneurysms  are  rare  in
hildren  and  while  an  immediate  examination  is  not  always
arried  out,  rigorous  follow  up  must  be  organised  in  orderigure 22. Axial T1 gd+: contrast staining of other lesions of the
hite matter.
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bigure 23. Sagittal FLAIR: high signal zone of the trunk involving
he VI core and MLB.
Ophthalmoplegic  migraine  remains  an  exclusion  diagno-
is;  all  patients  should  undergo  neuro-imaging  tests  in  the
ourse  of  the  initial  assessment.
The  particular  case  of  downbeat  nystagmus  whether
ssociated  or  not  with  strabismus  should  lead  to  Chiari’s
alformation  being  investigated  as  a  priority  [11],  a
umour  close  to  the  foramen  magnum,  syringomyelia,  cra-
ial  trauma,  ischemic  or  demyelinising  vascular  pathologies.
igure 24. Axial FLAIR: numerous high signal zones showing an
EP appearance revealed by the diplopia episode through impair-
ent of the right VI, in a young woman.
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ongenital  pathology
 group  of  congenital  pathologies  initially  attributed  to
estrictive  limitations  of  ‘‘ﬁbrosed’’  ocular  muscles  corre-
ponds  in  reality  to  agenesia  of  the  motorneurones  of  the
rain  stem.
Type  1  congenital  ﬁbrosis  of  the  ocular-motor  muscles
s  a  dominant  autosomal  pathology  (ptosis  and  bilat-
ral  external  ophthalmoplegia)  related  to  agenesis  of  the
uperior  division  of  CN  III.  The  diagnosis  is  clinical  with
mall  patients  with  characteristic  head  tilt  but,  as  a
esult  of  the  advances  made  in  T2CISS  sequencing  meth-
ds,  these  abnormalities  are  being  recognised  more  and
ore.
Other  forms  of  agenesis  are  visible,  in  particular  defects
f  the  formation  of  the  CN  VI  nucleus  and  the  nerve
tself,  known  under  the  name  of  Stilling-Duane  syndrome
12].
The  right  lateral  muscle  is  then  innervated  by  a
ranch  of  abnormal  origin  because  it  originates  from
N  III.  This  aberrant  innervation  causes  abnormal  con-
ractions  of  the  right  horizontal  muscles.  In  addition,
n  some  cases  hypoplasia  of  CN  IV  is  observed  whose
rigin  may  be  post  constitutional,  traumatic  or  compres-
ive.
estrictive  impairment:  orbital
mpairment  of  one  or  more  ocular-motor  muscles  as  a  result
f  a  limitation  in  the  excursion  of  the  ocular  globe  along  with
inocular  diploplia.  In  practice,  faced  with  an  ocular-motor
imitation,  evidence  supporting  a  solely  muscular  localisa-
ion  and  not  a  central  or  infranuclear  one  needs  to  be
rovided.
Impairment  of  a  muscular  origin  is  seen  in  a  variety  of
linical  situations.
Additional  clinical  signs  can  be  used  to  assist  diagnosis:
xophthalmia,  enophthalmia,  ptosis,  conjunctival  inﬂam-
ation,  medusa  head  dilation  of  the  episcleral  vessels,
nown  tumour  context,  trauma,  hereditary  or  congenital
isorders.
In  imaging,  following  the  MRI  protocol  (Appendix  1)
akes  it  possible  to  unmask  each  of  these  pathologies  by
howing  the  muscle  or  muscles  affected  and  gives  indications
bout  volume  and  signal.
ysthyroidorbitopathy
ysthyroidorbitopathy  is  the  most  common  cause
Figs.  25  and  26).
Diagnosis  is  often  straightforward  if  there  are  accom-
anying  orbital  signs  such  as  ptosis,  chemosis,  palpebral
etraction,  the  thyroid  context  can  be  absent  or  unknown.
RI  typically  shows  enlargement  of  the  body  of  the
cular-motor  muscles  without  this  affecting  the  tendons.
n  the  case  of  inﬂammatory  impairment,  a  clear  T2
AT  SAT  hypersignal  is  found  sometimes  with  associated
mpairment.
raumatic  impairment
econdly,  traumatic  impairment  [13,14]  with  fracture  of  the
rbital  walls  is  the  cause  of  muscle  incarceration  of  varying
egrees.  Thus  in  the  case  of  a trauma,  the  support  tissue  net-
ork  for  the  ocular-motor  muscles  can  be  entrapped  in  the
racture  site  without  there  being  real  muscle  entrapment.
Towards  understanding  ocular  motility:  III,  IV  and  VI  1027
Figure 25. T2 coronal muscular impairment, predominant in the
left muscle groups, within the context of Basedow’s disease.
Figure 26. T2 coronal FAT SAT: presence of inﬂammatory symp-
toms with a persistent hypersignal.
A  particular  case  is  that  of  the  child  which  constitutes
an  absolute  imaging  emergency:  considerable  ocular-motor
paralysis.  The  CT  scan  shows  a  ‘‘droplet’’  fracture  of  the
orbital  ﬂoor  complicated  by  entrapment  of  the  right  infe-
rior  muscle  drawn  towards  the  maxillary  sinus.  Emergency
surgical  correction  is  indicated  in  order  to  limit  the  risk  of
tissue  necrosis  and  ocular-motor  sequelae.
The  inﬂammatory  or  infectious  impairments,  tumour
impairment
Next  come  the  inﬂammatory  or  infectious  impairments,
tumour  impairment  of  the  facial  bones  or  metastatic  type
Figs.  27—29,  most  commonly  related  to  breast  cancer.
The  MRI  CT  scan  for  inﬂammatory  myositis,  whether  idio-
pathic  or  non-idiopathic,  differs  in  appearance  from  that
of  dysthyroidism  as  the  impairment  affects  the  body  of  the
muscle  and  the  tendon.  Myositis  can  be  idiopathic  or  spe-
ciﬁc,  and  part  of  a systemic  disease  (sarcoidosis,  lupus,
Wegener).
Figure 27. Axial T1 FAT SAT gd+: woman known to have breast
cancer treated 20 years ago, vertical diplopia: mass developed at
the expense of the right superior, left highly elevated by the con-
trast product.
1028  
Figure 28. Coronal T1 FAT SAT gd+: tissue mass affecting the right
superior left, with a necrotic centre.
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necessary.igure 29. T2 coronal, tissue mass syndrome, muscles show dis-
rete hyposignal.
onclusionhe  investigation  and  optimum  management  of  ocular-
otor  disorders  requires  precise  anatomical  and  clinical
nowledge.
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Clinical  proﬁles  requiring  emergency  imaging  must  be
ecognised;  MRI  is  the  standard  imaging  technique,  in  con-
exts  other  than  trauma.
When  a  lesion  site  is  suspected,  a  pathological  process
ust  be  investigated  by  imaging  ﬁne  slices,  often  of  a  very
mall  size.
TAKE-HOME  MESSAGES
• A  sudden  and  painful  ocular-motor  problem  is  an
emergency  (vertical  or  oblique  diplopia):  aneurysm
undergoing  ﬁssuration.
• A chronic  ocular-motor  problem  that  becomes
worse  points  towards  investigation  of  a  cavernous
aetiology:  meningioma,  inﬂammation,  tumour,  etc.
• Presented  with  painful  ptosis:  CBH  suggesting
compression  of  the  sympathetic  cervical  by
haematoma  of  the  carotid  dissection.
• Presented  with  painful,  post-traumatic  paralysis  of
the  elevation:  absolute  emergency  in  a child,  muscle
entrapment  in  a ﬂoor  fracture.
• Painful  horizontal  diplopia:  investigate  impairment
of  the  stem,  1  or  2  VI,  right  lateral  muscles.
• Impairment  of  the  2  VI,  associated  with  tinnitus
and  headaches,  should  lead  to  investigation
of  an  abnormality  of  the  encephalic  veins:
thrombophlebitis  or  idiopathic  ICH.
• A  sudden  impairment  suggests  an  ischemic  incident,
either  of  the  stem  or  the  small  vessels  of  the  nerve
wall  in  the  diabetic  patient.
• A conjugated  ocular-motor  problem  should  lead  to
an  investigation  of  a stem  lesion  (FLM)  or  of  the
posterior  commissure.
linical case
.  G,  aged  74,  no  particular  medical  history,  presents  with
iplopia  of  the  lateral  gaze.  Orthoptic  analysis  concludes
mpairment  of  the  right  VI.  An  MRI  is  requested.
uestions
)  What  can  we  see  on  the  course  of  the  right  VI
(Fig.  30a—f)?
)  What  complementary  imaging  examination  should  be
requested?
nswers
)  Knowledge  of  an  ocular-motor  nervous  impairment
equires  study  of  the  core  of  VI,  its  emergence  and  its
ntire  course  to  the  orbit,  including  analysis  of  the  right
ateral  muscle  (with  comparative  analysis  of  its  volume).
herefore  for  the  brainstem,  a  diffusion  and  FLAIR  study  isFor  the  cisternal  course,  the  CISS  3D  sequence,  highly
eighted  at  T2,  and  the  T1  FAT  SAT  sequence  after  injec-
ion  of  gadolinium  in  the  axial  plane  in  ﬁne  slices  studying
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Figure 30. a: axial T1 SE; b: 3D CISS; c: axial T1 FAT SAT gd+; d: coronal T1 FAT SAT gd+; e: axial T1 FAT SAT gd+; f: sagittal T1 FAT SAT
gd+; g and h: ultra-high resolution CT scan of the base of the cranium.
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tDorello’s  canal,  the  cavernous  sinus  and  the  orbital  ﬁs-
sure.
For  the  orbits:  T2  sequence  as  a  coronal  cut,  allowing
analysis  of  orbital  content  and  analysis  of  the  right  lateral
muscle  (form,  volume,  signal).  We  discover  here  the  absence
of  a  lesion  of  the  stem  by  projection  of  the  right  VI  core
but  ﬁnd  a  small  extra-axial  lesion  appended  to  the  posterior
face  of  the  clivus  to  the  right,  T1  isosignal,  hyposignal  for
sequence  CISS  T2,  and  highly  elevated  after  injection.  The
clival  meningeal  elevation  is  observed  from  sagittal  views
(Fig.  30f)  (dural  tail).2)  The  structure  of  the  clival  bone  must  be  analysed:
a  high  resolution  CT  scan  is  requested.  It  shows  thick-
ening  of  the  clival  bone  with  small  irregularities  (linear
calciﬁcations)  (Fig.  30g,  h).  It  is  also  necessary  to  carry
D
T
cut  a thoraco-adbomino-pelvic  examination  to  investigate
he  presence  of  a  deep  lesion  as  meningeal  thickening  can
orrespond  to  a  secondary  carcinomatous  localisation,  and
ot  always  to  simple  meningioma.  Moreover,  this  must  be
ompared  with  an  internal  medicine  examination  (study  of
arkers,  mammography,  etc).
In  the  present  case,  the  aetiological  check-up  remained
egative;  meningioma  is  the  diagnosis  retained,  especially
s  there  is  meningeal  calciﬁcation  and  most  importantly  in
he  absence  of  bone  lysis  or  an  aggressive  lesion.isclosure of interest
he  authors  declare  that  they  have  no  conﬂicts  of  interest
oncerning  this  article.
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ppendix 1. Imaging protocols as a
unction of clinical orientation
Restrictive  orbital  impairment  (trauma,  Basedow’s
disease,  myasthenia,  suspected  inﬂammatory  or
secondary  myosite)
Fine  joint  cuts  centred  on  the  orbitals  and
including  the  cavernous  sinus
T2  axial
Coronal  T1
T2  coronal
T2 coronal  with  fat  elimination
III  with  pupil  impairment  (mydriasis  of  varying
degrees)
The  anatomical  proximity  to  the  vessels  (posterior
communicating,  posterior  side  of  the  carotid  siphon)
requires  an  exhaustive  study  of  the  Circle  of  Willis  in
addition  to  anatomical  sequences
Axial  T1
MRA  TOF
3D  FLAIR
T2 CISS
Axial  diffusion/T2*
T2  coronal  orbits  to  the  cavernous  sinus
After  injection  of  gadolinium:  coronal  T1  FAT  SAT
3D  T1  with  fat  elimination
III  with  sympathetic  impairment  (myosis  of
variable  degrees),  more  or  less  painful  ptosis
This  impairment  requires  a  double  exploration:
Investigation  of  an  abnormality  throughout  the
entire  sympathetic  course
Encephalus
3D  FLAIR
Axial  diffusion
T2  axial*
T2 coronal  on  the  visual  and  ocular-motor  pathways
3D  T1  FAT  SAT  after  injection
Cervical
Axial  T1  FAT  SAT  (for  investigation  of  dissection)
MRA  TSA  and  circle  after  injection
If  investigating  Claude  Bernard  Horner  aetiology:
chest  scan  (apical  mass)
IV
Impairment  of  the  trochlear  nerve  presupposes  a
study  of  the  course  of  IV,  the  trunk  and  the  effector
muscle
3D  FLAIR
Axial  diffusion/T2  axial*
T2 CISS  volume
T2  coronal  centred  on  the  orbits
After  injection:  3D  T1  FAT  SAT
Coronal  T1  FAT  SAT  ﬁne  orbital  cuts
VI
3D  FLAIR
Axial  diffusion/  T2  axial*
T2 centred  on  the  lower  topography
Coronal  and  T2  axial  centred  on  the  orbits
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After  injection:  3D  T1  FAT  SAT
Coronal  T1  FAT  SAT  ﬁne  orbital  cuts
INO:  internuclear  ophthalmoplegia
Assumes  impairment  of  the  median  longitudinal
bundle:  investigation  of  signs  of  ischemia,  haemorrhage
or  multiple  sclerosis
3D  FLAIR
T2  axial  ﬁne  cuts  on  the  brain  stem,  T2  axial  Dual
(proton  density)
T2  axial*,  axial  diffusion
after  injection  3DT1  T1  spin  echo
Nystagmus,  cascades  abnormalities:
Investigation  of  a  cranio-cervical  abnormality:  in
the  sagittal  plane,  multiple  sequences  T2,  T1,  FLAIR,
ﬁne  cuts,  diffusion,  gadolinium;  suspected  myokemia
MRA  TOF  and  CISS  (investigation  of  neurovascular
compression),  notably  in  the  course  of  IV
Skew  deviation:
This  is  related  to  a  supranuclear  lesion  producing
problems  with  ocular  vertical  alignment
This  is  not  impairment  of  III  or  IV,  but  should  be
investigated  by  MRI,  an  abnormality  of  the  posterior
fossa,  T2,  FLAIR,  diffusion,  ﬁne  cuts
eferences
[1] Bouchet A. Cuilleret — Anatomie topographique descrip-
tive fonctionnelle. In: Le système nerveux central, la face,
la tête et les organes des sens. 1 Paris: Elsevier Masson;
1997.
[2] Vignal C, Miléa D, Cochard-Marianowski C, Lebas-Jacob M,
Orssaud C, Touitou V, et al. Cours de sciences fondamentales et
cliniques. Section 5, 2009—2010. [Trad. de ‘‘Basic and clinical
science course. Section 5, Neuro-ophthalmology’’, édité par
l’American Academy of Ophthalmology]. Paris: Elsiever Mas-
son; 2011.
[3] Safran AB. Neuro-ophtalmologie. Rapport de la SFO. Paris: Éd
Elsevier; 2004.
[4] Jacob-Lebas M, Vignal-Clermont C. Pathologie pupillaire. EMC
Ophtalmol 2011;21-510-A-10:1—23.
[5] F Héran. Les troubles de l’oculomotricité: comment les
explorer? Syllabus EPU 2008 sous l’égide de la SFR;
480—87.
[6] Kopsachilis N, Pefkianaki M, Cariﬁ G, Lialias I. Bilateral intra-
cavernous carotid artery aneurysms presenting as diplopia in a
young patient. Case Rep Med 2013;2013:209767.
[7] Dmuchowska DA, Krasnicki P, Obuchowska I, Kochanowicz
J, Syta-Krzyz˙anowska A, Mariak Z. Ophthalmic manifestation
of skull base metastasis from breast cancer. Med Sci Monit
2012;18(11):CS105—8.
[8] Ichikawa H, Kuriki A, Kinno R, Katoh H, Mukai M, Kawamura
M. Occurrence and clinicotopographical correlates of brain-
stem infarction in patients with diabetes mellitus. J Stroke
Cerebrovasc Dis 2012;21(8):890—7.
[9] Verhulst E, Van Lammeren M, Dralands L. Diplopia from skew
deviation in Ramsey-Hunt syndrome. A case report. Bull Soc
Belge Ophtalmol 2000;(278):27—32.
10] Rufa A, Cerase A, De Santi L, Mandalà M, Nuti D, Giorgio A, et al.
Impairment of vertical saccades from an acute pontine lesion
in multiple sclerosis. J Neuroophthalmol 2008;28(4):305—7.
[Towards  understanding  ocular  motility:  III,  IV  and  VI  
[11] Pieh C, Gottlob I. Arnold-Chiari malformation and nystagmus
of skew. J Neurol Neurosurg Psychiatry 2000;69(1):124—6.
[12] Yonghong J, Kanxing Z, Zhenchang W, Xiao W,  Xuehan Q,
Fengyuan M, et al. Detailed magnetic resonance imaging ﬁnd-
ings of the ocular motor nerves in Duane’s retraction syndrome.
J Pediatr Ophthalmol Strabismus 2009;46(5):278—85 [quiz 286-
7].
[1031
13] Shah HA, Shipchandler TZ, Sufyan AS, Nunery WR, Lee HB. Use
of fracture size and soft tissue herniation on computed tomo-
graphy to predict diplopia in isolated orbital ﬂoor fractures.
Am J Otolaryngol 2013 [pii: S0196-0709(13)00057-4].
14] Egbert JE, May K, Kersten RC, Kulwin DR. Pediatric orbital ﬂoor
fracture: direct extraocular muscle involvement. Ophthalmol-
ogy 2000;107(10):1875—9.
